Objective To examine whether disparities in stillbirth, and neonatal and perinatal mortality rates, between public and private hospitals are the result of differences in population characteristics and/or clinical practices.
Introduction
In Australia in 2014, nearly three-quarters (73%) of hospital births occurred in public hospitals, with the remainder taking place in private hospitals. 1 The predominant model of care in Australian private hospitals is obstetrician-led care. 2 In contrast, standard care is the norm in public hospitals, with most mothers being managed by midwife-led care or shared care with the mother's general practitioner (GP), and with the involvement of multidisciplinary obstetric teams if indicated by risk factors or complications. 2 Public-private comparisons of the perinatal mortality rate (PMR) therefore provide insight into the impact of standard care versus obstetrician-led care on perinatal mortality. Understanding this impact is important to inform clinical practice and guide policy development. Furthermore, PMR is a relatively reliable indicator of the quality and safety of obstetric care, as perinatal death is an unequivocal outcome and is generally reported accurately. 3 In the Australian state of Queensland, the PMR in 2012-13 was higher in public than in private hospitals (11.1 versus 7.4 per 1000 births). 4 Some of this discrepancy may be attributable to public-private differences in treatment, underpinned by their contrasting models of care. Prior studies have associated private care with higher rates of obstetric intervention, 5, 6 earlier birth, 7, 8 and lower rates of major congenital anomaly, 9 compared with public care. These factors influence the perinatal mortality risk. [9] [10] [11] [12] [13] The discrepancy between raw public and private PMRs cannot be attributed solely to intersector treatment differences, however, because the two cohorts have disparate characteristics and therefore have different inherent risk profiles for perinatal mortality. 7, 8, 14 Access to private hospital care is largely determined by maternal health insurance status, which in turn is influenced by maternal socio-economic status. All Australians are covered by national public health insurance (Medicare) that entitles women to free maternity care in public hospitals. 15 Women can access private care at either a public or private hospital by purchasing private health insurance or by self-funding. 15 Studies in Australia, 6, 14, 16 and elsewhere, [17] [18] [19] [20] have reported mixed results when comparing perinatal mortality for public and private births. These varied results reflect the difficulty in adjusting for potentially confounding differences between dissimilar cohorts.
The aim of this study was to isolate the effect that hospital sector (public versus private), and consequently each sector's predominant model of care (standard care versus obstetrician-led care, respectively), has on perinatal mortality.
Methods

Patients and methods
This is a retrospective cohort study of 131 436 births at Mater Mothers' Hospitals (MMH) from 1998 to 2013. MMH is located in a single building in Brisbane, Australia, and provides co-located facilities for women accessing care in both public and private sectors, with shared access to birth suites, maternal-fetal medical services, operating theatres, and neonatal critical care nurseries.
Routinely collected, prospectively entered, non-identifiable data from the MMH obstetric and neonatal clinical databases were extracted and analysed. These databases have been validated previously to optimise data accuracy and consistency, but a small number of errors and omissions are likely to remain, given that the data were captured at the point of care by clinical staff. Details of participant characteristics used in the analysis are presented in Statistical analysis.
The study population was divided into two cohorts based on the mother's hospital sector (public or private) at the time of birth. Hospital sector is not the same as health insurance status, but there is a strong association between the two.
Standard care was provided to women in the public hospital whereas obstetrician-led care was almost universal for women in the private hospital. In the public hospital, standard care encompassed a range of antenatal care options, including GP shared care (care shared between the GP and hospital staff, predominantly midwives), midwife-led care (care by a midwife or team of midwives in the hospital or community setting), multidisciplinary team care (an option reserved for higher risk pregnancies), and other types of care (e.g. GP only or no antenatal care). In the public hospital an antenatal model of care was selected after deliberation between the mother and her care providers, and perceived risk would have been taken into account when making this decision.
All live births regardless of gestation plus stillbirths of at least 20 weeks of gestation or with a birthweight of at least 400 g were included in the study population. The only exclusions were intrapartum interhospital transfers and a small number of births missing key data ( Figure 1 
Study outcomes
The primary outcome was perinatal mortality. Secondary outcomes were stillbirth and neonatal death. Perinatal mortality encompassed all stillbirths and neonatal deaths. Neonatal death was defined as a death within 28 days of live birth. 21 
Statistical analysis
The analysis was undertaken in two stages. The first stage used propensity score (PS) analysis to comprehensively control for many inherent differences between public and private cohorts. The second stage used logistic regression analysis to measure the impact of public-private differences in clinical practices on study outcomes.
Stage 1: propensity score analysis The PS adjustment process involved estimating a PS for each birth, and then using that score to construct two equal-sized cohorts (one public, one private) with similar characteristics.
Estimation of the propensity score The PS was an estimate of the probability that the birth occurred in the public hospital, given its observed characteristics. 22 A logit model was used to calculate a PS for each birth. Observed characteristics were selected for inclusion in the PS model if they were thought to potentially contribute to perinatal mortality risk and were not known to be directly influenced by the treatment (hospital sector) itself. 23, 24 Observed characteristics used to calculate the PS were: maternal characteristics [age, pre-pregnancy body mass index (BMI), relationship status, ethnicity, socio-economic status], maternal comorbidities (essential hypertension, hypothyroidism, haematological disease, autoimmune disease, asthma, epilepsy, cardiac disease), smoking history (smoking at booking), obstetric history (parity, previous caesarean section, stillbirth), pregnancy complications (gestational diabetes, gestational hypertension, antenatal haemorrhage after 20 weeks of gestation, threatened premature labour, prelabour rupture of membranes at term), and birth characteristics (sex, fetal presentation). Socio-economic status was estimated using Socio-Economic Indexes for Areas (SEIFA) quintiles. 25 Four interaction terms were also included in the PS model to account for important relationships between some covariates.
Construction of matched cohorts
Pairs of highly similar public and private births were identified by matching their PSs. The births were matched on a one-to-one basis without replacement using the logarithm of the OR of the PS (caliper = 0.02). This process produced equal-sized public and private matched cohorts.
Confirmation of balance between the cohorts
Two methods were used to confirm the matched cohorts had similar (balanced) characteristics. First, two summary measures of balance were calculated: Rubin's B and Rubin's R. Rubin's B is a summary measure of bias and a value of <25% suggests that the cohorts have been adequately balanced, whereas Rubin's R is the ratio of variances (public to private), and a value of 0.5-2.0 suggests adequate balance. 26 Second, standardised differences were calculated for each covariate to measure the bias between cohorts with respect to the covariate. 27, 28 If the absolute value of the standardised difference is less than 10%, then the cohorts can be considered to be sufficiently balanced with respect to the characteristic being assessed. 29 Stage 2: logistic regression adjustment Three logistic regression models were developed.
The first model (model 1) adjusted for potential confounding factors that were inappropriate for inclusion in the PS model, as they themselves could be directly influenced by hospital sector. These covariates [use of assisted reproductive technologies (ART) and plurality] were not known to be associated with inter-cohort differences in clinical practices after the establishment of pregnancy.
Models 2 and 3 built on model 1 by further adjusting for covariates associated with differences in clinical practices between the two hospital sectors. Model 2 adjusted for major congenital anomalies and model 3 extended model 2 by adjusting for birth method and gestational age.
All pre-match adjusted ORs (aORs) were adjusted by PS -a technique referred to as the covariate adjustment method of PS analysis, which theoretically adjusts for all the covariates used to estimate the PS. 22 All models adjusted for the biological cluster effect associated with multiple birth pregnancies.
Comparison of outcomes
The following outcomes are presented both before and after matching. 1 PMR, defined as perinatal mortality per 1000 total births (live births and stillbirths). Public and private PMRs and the standardised difference (bias) between them were calculated for a broad selection of cohort characteristics (Table 1 and Table S1 ). 2 Frequency counts and rates per 1000 births of stillbirth, neonatal death, and total perinatal mortality, with P values calculated from the chi-square statistic (Table 2) . 3 Both ORs and aORs for stillbirth, neonatal death, and total perinatal mortality, with associated 95% CIs and P values (Table 3) . Data were analysed using STATA SE 13.0 (StataCorp, College Station, TX, USA).
Results
Study participants
In the period 1998-2013, there were 131 965 births at MMH (Figure 1 ). Of these, 529 (0.4%) met the exclusion Table 1 . Frequencies and perinatal mortality rates for selected characteristics of public and private hospital births before and after propensity score matching Table S1 . *Bias: standardised difference. **Adjustments for these covariates were made in the logistic regression models (Table 3) rather than the propensity score model.
criteria, leaving 131 436 births in the study population, of which 52.5% were public and 47.5% were private. A total of 60 418 births (46.0%) were matched by their PSs. Before PS matching, the public and private cohorts had markedly different maternal and pregnancy characteristics, but the PS matching process balanced these characteristics between the cohorts (Table S1 ). This balance was confirmed by both summary statistics (Rubin's B 6.1%; Rubin's R 1.01), 26 and by the standardised differences (bias) of the covariates used in the PS model all being <5% (Table S1 ). Density distributions of the logit of the PSs for the public and private cohorts before and after matching show the cohorts had very different PS distributions prior to matching, but near-identical distributions after matching ( Figure S1 ), which suggests that the matched cohorts had highly similar characteristics.
Compared with women in the private hospital, women in the public hospital were more likely to be younger, less affluent, single, non-white, and overweight or obese (Table 1 and Table S1 ).
Factors associated with intersector differences in clinical practices (method of birth, gestational age, and major congenital anomalies) also varied between the cohorts, with higher rates of obstetric intervention, earlier births at term, and lower rates of major congenital anomalies in the private hospital both before and after matching (Table 1 and  Table S1 ).
In contrast to the obstetrician-led care provided in the private hospital, the mix of care arrangements under the standard care model in the public hospital comprised GP shared care (42.4%), midwifery (31.9%), and multidisciplinary team care (12.0%) ( Figure S2 ). Model 3: adjusted by the same covariates as model 2 plus method of birth and gestational age at birth. *P < 0.05. **P < 0.01. ***P < 0.001.
Study outcomes
Perinatal mortality rate Perinatal mortality was markedly higher in the public hospital compared with the private hospital before matching (PMR 14.7 versus 8.8 per 1000 births, P < 0.001; stillbirth rate, SBR 8.1 versus 4.7, P < 0.001; neonatal death rate, NDR 6.6 versus 4.1, P < 0.001; Table 2 ). These differences were reduced after PS matching (PMR 13.1 versus 9.2, P < 0.001; SBR 7.1 versus 4.8, P < 0.001; NDR 6.0 versus 4.5, P = 0.011). Public and private PMRs differed for many maternal, fetal, and birth characteristics, despite PS matching (Table 1 and Table S1 ). After matching, the PMR in the public hospital was higher than in the private hospital for all methods of birth, with the lowest PMR reported for private elective caesarean sections (4.3 per 1000 births). Births in the private cohort were associated with lower PMRs at all gestational ages. Babies with major congenital anomalies were at particularly high risk of perinatal mortality, with a PMR after matching of 265.5 per 1000 births in the public hospital and 165.6 per 1000 births in the private hospital (a bias of +24.5%).
Effect of hospital sector after controlling for population characteristics Before adjustment, the odds of perinatal mortality were higher in the public hospital than in the private hospital (OR 1.68, 95% CI 1.51-1.88; 
Discussion
Main findings
This study, using retrospective clinical data at a large tertiary maternity centre with co-located public and private hospitals, identified a higher crude PMR in the public hospital compared with the private hospital (PMR 14.7 versus 8.8 per 1000 births, P < 0.001).
After adjusting for all observed differences between the cohorts except for differences in clinical practices (model 1), perinatal mortality was markedly higher in the public hospital compared with the private hospital (after matching, aOR 1.53, 95% CI 1.29-1.80). There were similar findings for stillbirth and neonatal death. Adjusting for major congenital anomalies had little impact on these results. Further adjustment for birth method and gestational age reduced the public-private disparities in perinatal mortality (aOR 1.29, 95% CI 1.05-1.58), stillbirth (aOR 1.24, 95% CI 0.95-1.61), and neonatal death (aOR 1.19, 95% CI 0.88-1.61).
Strengths
The strengths of our study include extensive control for potentially confounding differences between public and private cohorts via PS and logistic regression analysis, along with the inherent control for confounding factors with our public and private cohorts being drawn largely from the same geographic population with access to shared publicprivate hospital facilities. PS modelling is arguably superior to conventional regression modelling when comparing two very different cohorts, as in this study, because it permits the adjustment for potentially hundreds of covariates. 30 This study benefits from the large pre-match study population composed of similar proportions of public and private births (52.5% public and 47.5% private). Furthermore, clinical data were collected in a structured and generally consistent manner over the study period, with minimal missing data.
Limitations
These single-centre findings may not apply to other settings. PS modelling cannot adjust for unmeasured differences between cohorts so some residual confounding is likely to remain. More than half (54.0%) of the study population were not successfully matched by PS so the postmatch analysis excludes these births, which could have unforeseen effects. The study may not have sufficient power to identify statistically significant differences in the publicprivate stillbirth and neonatal death rates in model 3. It was not possible to identify all babies whose care had been transferred between the public and private hospitals, which is a potential source of bias. Obstetric practices evolved over the study period, but the impact of such changes could not be quantified. This study focused on perinatal mortality and not perinatal morbidity, but both need to be considered when devising treatment strategies. This study did not estimate PMR separately for each model of care within the public hospital, so it is unclear whether any of these public models achieved a lower PMR than private hospital obstetrician-led care. Non-mortality-related benefits of other models of care, such as high maternal satisfaction levels associated with midwife-led care, 31 were not considered.
Interpretation
The public and private PMRs observed in this study (before matching: PMR 14.7 versus 8.8 per 1000 births) were above average for the Australian state of Queensland (11.1 versus 7.4 per 1000 births). 4 The higher PMR at MMH reflects the greater complexity of the caseload given its status as a tertiary hospital.
Despite adjusting for all observed confounding differences between the sectors, an excess of mortality remained in the public hospital, suggesting that private obstetricianled care improves perinatal survival. A suboptimal allocation of women to antenatal care arrangements in the public hospital given their perinatal mortality risk profiles and/or delayed treatment escalations between care arrangements when new risk factors emerged could explain part of the disparity. There was greater continuity of care in the private hospital given the obstetrician-led care model, and this might have improved outcomes, although the sparse literature on this topic has not established that continuity of care improves perinatal mortality outcomes. 32, 33 Treatment might also have differed between the two cohorts for women with comorbidities, potentially contributing to better outcomes in the private hospital.
As in our study, Robson et al. 14 in Australia (2009, n = 789 240) and Coory et al. 16 in Queensland (2009, n = 124 300) reported higher rates of perinatal mortality among public compared with private births at term, despite adjusting for eight and 23 potential confounding factors, respectively (Robson et al., aOR 2.02, 95% CI 1.78-2.29; Coory et al., aOR 2.1, 95% CI 1.5-2.9). Dahlen et al. 6 (2014) compared perinatal mortality of term babies born to 237 304 low-risk women, and found no significant intersector difference after adjusting for maternal and gestational ages (aOR 1.49, 95% CI 0.93-2.41).
We adjusted for major congenital anomalies as part of the treatment effect because the incidence of these may be influenced by the model of care. 9 Adjustments were made for birth method and gestational age because prior research has identified intersector differences in clinical practices with respect to these factors. [5] [6] [7] [8] Although the rate of major congenital anomaly was similar between the matched public and private cohorts (1.1% public versus 1.0% private), there was a higher PMR among public births associated with congenital anomalies (public, 265.5 per 1000 births after matching; private, 165.6 per 1000). A greater proportion of public than private stillbirths and neonatal deaths were attributed to congenital anomalies, even after matching ( Figure S3 ). Whether these disparities arose from differing anomaly severity, treatment, surveillance, and/or documentation is unknown.
Adjusting for major congenital anomalies had little impact on the outcomes; however, there was a marked reduction in the public-private perinatal mortality disparity after further adjusting for the method and timing of birth. This suggests that more frequent obstetric interventions (fewer spontaneous vaginal births) and/or earlier births at term in the private hospital were associated with lower perinatal mortality rates. These findings are consistent with an English study (n = 540 834) that associated higher rates of obstetric intervention with lower stillbirth rates. 11 Our findings were less consistent with a US study of 8 026 415 low-risk singleton term births that reported higher rates of neonatal death following birth by primary caesarean section with no labour complications or procedures, compared with planned vaginal birth. 10 These divergent results may be linked to our study population including both highand low-risk births. It is conceivable that higher rates of obstetric intervention have a more beneficial impact on neonatal mortality among higher risk neonates.
Gestational age differences between the sectors would be expected to have had a mixed effect on perinatal mortality. A US study (n = 8 797 909) found that the fetal death risk in continuing pregnancies and neonatal death rate were both lowest at full term (39 0 -40 6 weeks of gestation), and then both increased as pregnancy progressed. 12 Therefore, the higher proportion of early-term births (37 0 -38 6 weeks of gestation) in our private cohort would be expected to increase the rate of neonatal death, but conversely the lower proportion of late-term births (41 0 -41 6 weeks of gestation) and post-term births in the private cohort would be expected to decrease stillbirths. In both sectors, a higher PMR was observed among babies born at early term compared with those born at full term, suggesting that delaying more births until full term may reduce perinatal mortality in both sectors.
Conclusion
Perinatal mortality occurred more frequently among public compared with private births, and this disparity was not explained by population differences. Different clinical practices appear to be partly responsible, including higher obstetric intervention rates and earlier births in private care. Further research is required to investigate the underlying causes of public-private perinatal mortality disparities.
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